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Biological response of winter wheat root system to fertilization depth. ZHANG Yong Qing (College of Life Science,
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Abstract  Effects of fertilization depth on root system distribution and senescence of winter wheat were studied on the
Experimental Farm of Shanxi Agricultural University with a soil column culture. The results indicate that the root system
distribution changes with fertilization depth. Fertilization in the depth of 50 ~100cm can lead to the increase of root
weight, root vigor of sub layer, flag leaf area and net photosynthesis ratio, meanwhile it keeps the activities of SOD and
POD in root system at a high level. The content of MDA in wheat root system is decreased, and the senescence of wheat
delays, the yield increases. The study also shows that super-deep (150c¢m) application of fertilizer has an inductive effect
on root growing downwards also, but the total root weight and yield decreases sharply. It is suggested that the 50~
100cm depth of fertilization could be used as an effective way to delay senescence and increase yield.
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JN S AT F1 HREREXNHELZI/NERAENDENZN
PEERGED Tab.1 Effect of fertilization depth on wheat root and seedling at tillering stage
—~ I ifi g/ e R/
iléﬁﬁ ’%‘%):Z?(O nH NPK JE it IR B/ cm A7 HLIE Jits FH R B/ em
N Items Applied depths of NPK fertilizers Applied depths of organic fertilizers
50em) s AL AL 0~50  50~100 100~150 150~200 0~50  50~100 100~150 150~200
INZE AR 2 WA & 7.5B*  7.0BC  5.8BC 5.5C 10.8A4  7.3BC  5.8BC  5.8BC
K/c 5 5 5.5 5 8. .8BC
J5 B 15 @J T 35 ﬂ%‘{t/x,ml | 51.6D 66.7AB  65.6AB 65.5AB 56.8CD 67.0AB  68.3A 61.8BC
W% 1/ pgeg toh 132.3AB  123.67C  101.2D 99.2D 136.5A 129.2BC  100.8D  100.2D
R TR e A ‘ . - ..
FARR 9y BE R/ A 4.3AB 2.8CD 2.3D 1.8D 5.3A 3.5BC 2.0D 2.0D
Toit R IR B/ em 15.6AB  15.5AB  14.1BCD 13.3D 15.94  15.2AB  13.7CD  13.6D
H ﬂg ﬁ( ﬂg W Bk SR R A 14.0B 8.8D 7.5CE 5.8E 15.8A 11.5¢C 6.5E 6.3E
1,0 R B AT I B SRR b B 22 5 8 3 (0. 0D IR,

4 BRI BE PR e B bR SR R ] T LA AR B (EAR K ] AR T AR AR B, R (507 100em) il HE AL
BRAY/NAZ  RITT UG I B8 35 L (H T AR R AT DUSE A7 42 L A 8 35 1) R ARG AR IR 3 1A )2 L R
FEAMFZ AL EAR R A EA BRI, IZ (1007~ 150em) 5 H)Z (150~ 200cm) il AL AL 2/
4 AE A RTR RARRERIIAAIL)Z AR K22 W R A,
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Tab.2 Effect of fertilization depth on dry weight of wheat root in different soil layers S [5) fi AE R B R0 i e
+ZREE/ em INEMR T YT /g Dry weight of wheat root S l\} Hab »
Soil depth 5 HUIE B VR % / em NPK JIE i JiT YR JE /om RS UE RSl
Applied depths of organic fertilizers Applied depths of NPK fertilizers E “{i'\ ':Fl /J\ i *E %\ E/:J E
0~50 50~100 100~150 150~200  0~~50 507100 100~150 1507200 g m e i AR 2 4%
0~10 1.88A 1.66B 1.34C 1.30C 2.31A 1.63B 1.61B 1.28¢C .
10~20 0.36A 0.32A 0.34A 0.29A 0.79A 0.55B 0.51B 0.40B A By — AR A AT I
20~30 0.31A 0.15C 0.23B 0.17C 0.77A  0.298B 0.32B  0.29B Az, FJE(0~50cm)JiE
307~40 0.29A 0.14B 0.18B 0.14B 0.80A 0.23B 0.24B 0.24B BB, /N2 i D AE 3 i
40~50 0.29A 0.15B 0.15B 0.12B 0.73A 0.15B 0.23B 0.20B
= it Ny (H
50~60 0.15A 0.09A 0.11A 0.12A 0.72A 0.36B 0.24BC  0.15C JEJZ 35k SR B
60~70 0.13B 0.30A 0.08C 0.10BC  0.55A 0.55A 0.24B 0.14B W K I B2 ¥ 1 AR
70~80 0.13B 0.27A 0.07C 0.07C 0 0.50A 0.16B 0.12B mF AL, P AR K g
80~90 0.11B 0.28A 0.07C 0.06C 0 0.39A 0.16B 0.08B | . e N
90~100 0.06B 0.16A 0.07B 0.04B 0 0.22A 0.25A 0.05B I AR AH R
100~110 0.04B 0.13B 0.29A 0.05B 0 0.14B 0.47A 0.04C RiE—m Ty R
110~120 0.04B 0 0.26A 0.04B 0 0 0.34 0.05 %Tﬁ;ﬁ] E‘J%ﬁﬂo
120~130 0.03 0 0.24 0 0 0 0.29 0.04
N = 0~
130~140 0.05 0 0.21 0 0 0 0.21 0 S A AR %%E; (
E=R
140~150 0 0 0.12 0 0 0 0.09 0 50em) M 3% £, 1 H.
150~160 0 0 0 0 0 0 0 0 NPK AbH = (50~
At 3.88A 3.63B 3.76A 2.51C 6.62A 5.02B 5.05B 3.

BC T0em) LB 44
Z SRR ER RS R TIHAL R, HTERED AR TR ERK . R JZ (507~ 100em) i AL
{19 /N A2 1) 73 BESY) B A YRR 28 A RE MRS 0 it AL V2 1) R 20 3 2 i AR KA — € RS2 ), (R & 0 IE 2/



7 R A RO S Al B4

F2 R I BT /INAZ M R 9 A JRATH AT AR KA L B8R R AR A BT s/, v 350 it IS 8 457 AR
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1M ELAEH )2 3 p B B AK T b R 2t AC A B, 158 B RER} 938 24 IR A A T 2 /N 2 R AR R 1 SOD Al
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A MDA S RASTZPWHE S FHMAR, REZEEAE F2EEHEO~50em) FIREA MDA FEE
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Tab.3  Effects of fertilization depth on root vigor, MDA content and the activities of SOD and POD of wheat root in different layers

i H +RBEE/ em A HUIT it R L/ em NPK Jjiti JH R BE/ em

Items Soil depth Applied depths of organic fertilizer Applied depths of NPK fertilizer
07~50 507~100 100~150 1507200 07~50 50~100 100~150 1507200
WEEH 07~50 35.83A 32.33B 31.50B 30.47B 38.37A 34.63B 34.13B 33.27B
Jpgeg leh ™! 50~100 42.43B 48.70A 43.33B 39.80B 42.57D 59.77A 52.67B 48.43C
100~150 61.10B 65.33B 73.83A 61.10B - 69.67B 81.33A 63.27C
SOD &tk 07~50 252.37TA 238.47AB  230.90B 233.80B 269.53A 248.70B 238.90B 230.63B
JUsg Ten ! 50~100 272.83BC  341.60A 278.47B 260.77C 323.43B 379.83A 315.97B 308.67B
100~150 292.77D 348.37B 465.00A 314.53C - 349.67B 477.37A 339.70B
POD i 0~50 66.30A 57.23B 54.30B 54.97B 73.10A 63.53B 66.87B 65.20B
/Ueg lemin~] 50~100 74.07B 90.73A 76.33B 67.23B 70.13B 95.17A 74.07B 72.60B
100~150 76.4B7 77.53B 94.93A 74.57B - 84.03A 95.67A 82.50A
MDA 7 & 0~50 83.03B 84.87B 85.80B 91.13A 79.30B 85.73AB 86.97AB 89.97A
/umoleg ! 507~100 74.10AB 65.83B 75.43A 76.77TA 75.50A 63.80B 73.96A 79.40A
100~150 60.87AB 55.00BC 49.17C 62.57A - 57.27AB 51.47B 61.77A
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Tab.4  Effects of fertilization depth on flag leaf area, Pn, the activity of SOD and POD, bR 2 it AR e
the MDA content of flag leaf and yield of wheat JINFZ I T AR
it H ﬁﬁufﬁfﬂ/(:mZ oA i SOD i POD i 7% MDA & & 7E A %E%—?%F
, NI =
Treatments Flag leaf area /pmol COyom 2ot /Usg Lop ! /Usg Lo min ! /nmoleg ! /g ! .
Pn SOD activity POD activity MDA content Yield EEHE ALI\}E *ﬂ ﬁ
T1 18.01£0.388  12.29+40.45B 1092.63BC 108.87BC 121.17BC 18.30AB R it A A 34,
T2 19.60+0.55A 13.46£0.70A 1172.50AB 121.43AB 106.67CD 20.27A ﬁﬁnf?%ﬁ'ﬁ%ii
T3 19.90+0.72A 13.394+0.61A 1255.47A 127.13A 97.57D 20.67A = m
T4 15.96+0.64D 11.42+0.68B 1022.57C 99.23CD 136.50AB 11.27E %Sm%:zfi‘m EF]
T5 17.62+0.85BC  11.95+0.56B 1032.93C 113.97AB 121.47BC 13.17DE J=(50~100cm)
.1040. ) .13£0. . ) . . ) . C
T6 17.10=0.66C 12.13+0.73B 1118.67BC 116.77AB 104.80CD 16.73BC ﬁﬁﬁﬂﬁ}ﬂ%ﬂ
T7 16.81+0.92CD 12.04+0.91B 1052.33C 108.23BC 112.60CD 14.33CD .
T8 16.09+0.65D 11.554+0.89B 901.77D 89.10D 138.57A 10.63E 'EJTJ:E(O

50cm) I 48 ¥



54 SRR 55 A/ AR Z AL L B4 £ )2 B 75

(150~200em) i AE AL BN (UL . HEM 9 SOD . POD WM & MDA &t X8 4 & TR & (A H AR (L 31
SRR IR —F R TR MANA R TR SOD. POD i M A1 MDA & &, ifi 32 )2 jifi I A
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ST 45 3 I 3 2o A e A VR 82 T LR /N AR R AN TA) £ R TR B T i oA AR ) 48 22 b /)
MR E B AR R AR R WK, BHIZ R (50~ 100em) il IEA R /NEZ RJZ R E AR %
KR ZTE F A B v L R A R T /N AR R R 2 IR - K o AR 4 AR . SR 2 Ut I 3 A ) T 4
Fm/NEMR AR SOD,POD fifE IR MDA &, I il AZEZE T 2 AR R A REvR A 2228, B IRBE R
AR LA MR /N 22 KR 8 4347 RIVEG 7,15 EL AT DA W /N 22 i Ik T BRI A 3, e B8 /N 22 (7=, e+
PR R T R X, N A PR AR KRR BE AR T PR A - 3K, G S sk R aod PR b R - R L B
SME/NE R TR, BN ERREKMITTRME IR T I F MR RIIIN — D, AR g ss
RFI M E SR EIEA SR B IEM R R, RZMEIERE &K KRS . 07 R8I R R
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